Under permissive conditions, simian virus 40 (SV40) gene expression proceeds in two phases. The first phase of the infectious cycle is characterized by synthesis of the early SV40-specific mRNA (transcribed from the "early" DNA strand), by synthesis of the virus coded tumor (T)-antigen and by stimulation of host cell DNA synthesis. During the second phase of the infectious cycle, which begins with the commencement of viral DNA replication, late virus-specific RNA is synthesized in addition to the early SV40 mRNA. This RNA is transcribed from the "late" DNA strand. Late viral gene expression is characterized by synthesis of viral capsid protein (V-antigen) (1) (2) (3) (4) 
while SV40 native superhelical DNA (DNA I) at a 10-fold higher concentration failed to induce V-antigen synthesis under the restrictive conditions. V-antigen synthesis was also obtained by microinjection of partially denatured SV40 DNA or a high number of randomly. nicked DNA molecules (DNA II) in the absence of DNA synthesis; both single-stranded regions and nicks are specific features of RI-DNA molecules.
Under permissive conditions, simian virus 40 (SV40) gene expression proceeds in two phases. The first phase of the infectious cycle is characterized by synthesis of the early SV40-specific mRNA (transcribed from the "early" DNA strand), by synthesis of the virus coded tumor (T)-antigen and by stimulation of host cell DNA synthesis. During the second phase of the infectious cycle, which begins with the commencement of viral DNA replication, late virus-specific RNA is synthesized in addition to the early SV40 mRNA. This RNA is transcribed from the "late" DNA strand. Late viral gene expression is characterized by synthesis of viral capsid protein (V-antigen) (1) (2) (3) (4) .
Cells of the native host (monkey cells), microinjected with one or two superhelical SV40 DNA (DNA I) molecules, support early and late viral gene expression with a high efficiency. Mouse cells support early viral gene expression less efficiently than monkey cells, and require a threshold concentration of an early SV40 gene product for the synthesis of late gene products. This threshold concentration can be obtained either by microinjection of a high number of SV40 DNA I molecules per cell or by microinjection of early SV40-specific RNA into virusinfected cells (5, 6) . Regardless of the cell type infected, viral DNA replication is a prerequisite for late viral gene expression. Various inhibitors of DNA synthesis such as 1-,B-D-arabinosylcytosine (araC) or fluorodeoxyuridine (FdUrd) prevent the synthesis of late (V-antigen), but not of early (T-antigen) gene products in virus-infected cells (7) . Experiments with early temperature-sensitive (ts) SV40 mutants clearly demonstrate a relationship between early SV40 gene expression, viral DNA replication, and synthesis of late virus-specific gene products Virus and Viral DNAs. Three times plaque-purified virus from the wt SV40 strain 777 and the mutant strain tsA7 (kindly supplied by M. Osborn) were used. SV40 DNA was isolated from the virus by sodium dodecyl sulfate/phenol extraction (13) and further purified by CsCI/ethidium bromide equilibrium centrifugation, yielding DNA forms I and II. On the average, SV40 DNA II had a single nick per molecule, as revealed by alkaline sucrose gradient centrifugation (14) . Linear SV40 DNA III was obtained by digestion of DNA I with endonuclease R-BamHI (purchased from New England Bio Labs), which introduces a double-strand break at position 0.16 on the viral genome (15) . The reaction was carried out at 370 for 2 hr with twice the amount of the enzyme needed for complete digestion of the SV40 DNA I used. DNA II and DNA III were further purified by agarose gel electrophoresis as described elsewhere (16) . For the preparation of SV40 RI-DNA, confluent cultures of TC7 cells grown in 100-mm plastic dishes were infected with either wt or tsA7 virus at a multiplicity of 2-5 plaque-forming units (PFU) per cell. Thirty-two hours after infection cells were exposed to 50-100 ,uCi of [methyl-3H] phase contrast microscope at a 400-fold magnification by help of glass microcapillaries. The capillaries had a diameter of about 0.5 ,m at the tip. The volume transferred into the recipient cells was about 1 to 2 X 10-11 ml per cell. At a concentration of 1 mg SV40 DNA I per ml of injection buffer, the average number of DNA molecules transferred per recipient cell was in the range of 2000-4000.
Detection of Viral Antigens. SV40 T-antigen was determined by the indirect immunofluorescent technique (16) . SV40 V-antigen was assayed with guinea pig globulin (conjugated with rhodamine-B isothiocyanate) directed against SV40 empty capsids (22). (Table  1) .
In contrast, microinjection of RI-DNA preparations (0.1 mg/ml) into TC7 cells under identical conditions induced Vantigen in addition to T-antigen synthesis. About 30% of the TC7 cells microinjected with the RI-DNA preparation fixed and stained 24 hr after microinjection exhibited a strong intranuclear V-antigen specific fluorescence (Table 1, Fig. 1 ). The proportion of V-antigen-positive cells did not change significantly 48 hr after injection. V-antigen formation was reduced to 2-3% of the recipient cells at a 10-fold lower multiplicity of injection (0.01 mg/ml). With a further 10-fold dilution of the RI-DNA preparation only T-antigen synthesis could be detected under the restricted conditions (i.e., DNA synthesis blocked). In addition, control experiments using autoradiography re- (24) . In this investigation we further demonstrated this quality dependence in tsA7-infected cells that were additionally supplied with tsA7 or wt early gene Each point is based on a count of 200 injected cells and is reproducible within +10% of the given value. The cells were fixed and stained for T-and V-antigen 24 hr after injection. products. At the nonpermissive temperature complementation of the A function of tsA7 virus was obtained by microinjection of the wt early cRNA but not the mutant cRNA (Table 3) .
Late SV40 gene expression (V-antigen synthesis), in turn, is linked to viral DNA replication. In order to test whether replicating SV40 DNA molecules can be used as a template for late viral gene transcription, we microinjected replicative intermediates into different cell lines blocked for DNA synthesis. Late viral gene expression was obtained in a high percentage of recipient cells by microinjection of either wt RI-DNA at 37°o r tsA7 RI-DNA at 41.50 (tested by the immunofluorescence technique, Fig. 1 ). SV40 DNA I at a 10-fold higher concentration failed to induce ..V-antigen synthesis under the same conditions. This biological activity of the RI-DNAs cannot be attributed to RNA or protein contamination, which is excluded by the isolation and purification procedures, or to an incomplete block of DNA synthesis because multinucleated rat myotubes, which do not synthesize DNA at all (10, 25), also supported late SV40 gene expression following microinkection of RI-DNA.
Because not more than 30% of the cells microinjected with RI-DNA synthesized the capsid proteins under the restricted conditions, the replicative fork per se cannot determine the late template specificity. More likely, only a small fraction of the RI-DNA molecules are used for late viral gene expression. The RI-DNA dilution experiments support this assumption.
However, V-antigen synthesis was also obtained by microinjection of partially denatured SV40 DNA I or of randomly nicked SV40 DNA molecules (DNA II) when DNA synthesis was blocked. Both single-stranded regions and nicks are specific featups of the RI-DNA molecules (26) . Late template specifity uay therefore be mediated by single strandedness or even by a single nick at a very specific site of the viral DNA.
